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1.0 Introduction and Summary

Over the past 15 years, advances in technology have led to the development of a variety of
different travel demand model designs or frameworks. Agencies now face a complex choice when
developing or updating their travel model. The alternatives include both very traditional as well as
enhanced trip-based designs, activity-based designs of varying complexity and intermediate
hybrid designs in between. A survey of transportation agencies by TMIP in late 2013 showed that
at that time roughly a third of agencies did not know whether they would continue using a trip-
based model or move to an activity-based or other more advanced design. Given that agencies
typically only perform major updates to their travel models once or twice in a decade, it is important
that agencies understand both the advantages and disadvantages of alternative approaches.

This guidebook continues the development of TMIP’s How-To series with a new How-To guide
designed to help agencies understand the full spectrum of model designs available to them as
well as their associated advantages and disadvantages. As TRB Special Report 288 states, “there
is no single approach to travel forecasting or set of procedures that is ‘correct’ for all applications
or all MPOs.” In fact, it is worth noting that a growing number of agencies are maintaining two
different models because of their distinct advantages for different types of applications. Thus, the
goal of this How-To guide is not to identify a single ideal model design, but rather to provide
information, a process, and examples to help agencies to thoughtfully identify the appropriate
model framework for their analytical needs with careful consideration of the data available, the
issues, and the risks involved.

The great twentieth century statistician, George Box famously wrote, “All models are wrong...
some models are useful.” It is precisely from this perspective of gauging usefulness that this How-
To guide should be approached. The aim of planners, modelers, and decision-makers in choosing
a model design should be to select a design or framework which will be most useful for answering
their needs for the planning, design, and operation of their transportation system. Different
agencies with different responsibilities — for allocating public funds, operating transit systems,
designing infrastructure, operating toll systems, assessing impact fees, and all the many different
functions that the various transportation agencies across the country provide — will doubtless find
the various advantages and disadvantages of different methods more or less relevant depending
on the particular uses for their model and their resources available for supporting and using their
model.

The focus of this How-To guide is on overall demand model frameworks or architecture. Details
of model design in terms of the selection of methods for specific model components, while
involved and discussed where relevant in this guide, are not the focus of this guide. Interested
readers may find the NCHRP 08-94 decision support tool and associated report helpful for the
selection of component models and details of model design. Moreover, the focus of this guide is
limited to the design of passenger travel demand models. While there have also been important
advances in freight/truck and network modeling, the selection and implementation of these
methods is largely (although not entirely) independent of the selection and implementation of
passenger demand components which is in some ways more complicated owing largely to the
wide array of options and frameworks now in use. Similarly, supply side or network modeling is
not the focus, although it is addressed in so far as the integration of supply and demand models
is concerned. It is also important to recognize that other travel forecasting tools and techniques
can be used — sometimes with significant advantage — for particular purposes or in particular
circumstances. Strategic models, growth factors models, and simple trend analysis all have their
place in supporting transportation planning and analysis. However, most transportation agencies
develop and maintain travel demand models (even if they also use some of these other tools),
and the focus of this guide is to inform and assist them in considering the options specifically for
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the design of passenger travel demand models, partially in response to the indication of several
agencies that this would be helpful.

This guide attempts to lay out in as objective a way as possible the issues relevant to the design
of passenger travel demand models and the advantages and disadvantages of different
frameworks so that those involved in choosing the design for an agency’s model can evaluate
and consider all the factors relevant in their context. After this introduction and summary, the
following sections delve into these issues in more detail.

Source: Bernardin, V., One Size Doesn’t Fit All, Activity-Based vs Trip-Based Models and Everything In Between, presented to the
Tennessee Travel Model Users Group, December 1, 2015.

Figure 1. The spectrum of model designs with examples.

This guidebook attempts to recognize and address the whole spectrum of model designs from
simple three-step trip-based models all the way to advanced, next generation activity-based
models and everything in between. However, for simplicity and recognizing important similarities
between certain model designs, this guide groups models into three broad categories of traditional
trip-based, hybrid, and activity-based designs for many purposes (see Figure 1) although referring
to more specific model designs when they are relevant.

Recognizing the limited ability of any single perspective to capture all the salient considerations,
this guidebook approaches the comparison of model designs by identifying issues or applications
from three perspectives: theoretical, practical, and applications. A brief summary of these issues
is presented below while the reader should refer to the relevant sections of this guide for a more
complete discussion.

1.1 Applications

Activity-based models provide important benefits for some applications, while for other
applications they perform the same or even occasionally worse than trip-based models. Agencies
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should therefore carefully consider the uses for their model and the advantages of more advanced
models relative to their costs for the applications most important for them.

Activity-based and hybrid models generally offer no advantage over traditional trip-based models
for evaluating traditional highway projects or air quality conformity analysis although they
do allow other complex emissions analysis such as to identify the relative contribution of the
residents of various neighborhoods to greenhouse gas or other emissions. To some degree the
similar performance of traditional and advanced models for highway forecasting may be
attributable to the fact that both are still coupled with static assignment models and proponents
suggest that when activity-based models are paired with regional DTA, they may provide better
results. Initial tests of such systems, however, have not yet born this out.

Conducting traffic impact analyses can be significantly more difficult with activity-based models
than hybrids or trip-based models due to simulation variation and the need to prepare more
granular inputs. Hybrids may offer an advantage by reflecting some amount of internal capture
without necessarily introducing simulation variation.

What model design is best for evaluating highway pricing scenarios is a matter of debate.
Theoretically, activity-based models offer advantages in terms of being able to represent a
distribution of values of time, but trip-based/hybrid models offer practical advantages such as the
ability to make many model runs efficiently to understand the uncertainty associated with various
assumptions and are still more commonly used for investment grade toll revenue analyses.

Studies involving peak spreading (or other issues or scenarios involving time) clearly benefit
from more advanced model designs, with activity-based models providing the most sensitivity and
realism and trip-based models the least. Traditional models generally cannot make any
predictions relative to the temporal distribution of traffic.

Activity-based models are also substantially better able to evaluate many of the most common
travel demand management strategies such as employer provided transit passes,
telecommuting and alternative work schedules, parking management, etc.

Although activity-based models may be better able to represent some transit-related policies such
as employer provided transit passes or land use policies or patterns that favor transit oriented
design, activity-based and hybrid models have demonstrated no general advantage over
traditional trip-based models in forecasting transit ridership or even simpler approaches such
as FTA’s STOPS tool.

More advanced models are better able to represent pedestrian and bicycle trips and both
hybrids and standard activity-based models predict more non-motorized travel in more walkable
neighborhoods. Sensitivity to bicycle and pedestrian infrastructure improvements such as bike
lanes, etc., and assignment of non-motorized trips to the network can be added in any type of
model, and have been in at least one trip-based model, but are rare in general, but more common
in enhanced or advanced activity-based models. Moreover, the use of microzones in ABMs can
substantially improve modeling of non-motorized trips, especially at a network level.

Traditional travel models are largely blind to urban design such as the density and connectivity
of local street networks, the mixture of land uses at the scale of walk sheds, etc.; whereas, both
hybrid and activity-based models consider and reflect the impact of these factors on travel
patterns.

Activity-based models offer a clear advantage for environmental justice or equity analysis since
they can summarize impacts for any custom defined community of concern on the fly.

Considering these various model applications, it is easy to see how various agencies may come
to different conclusions regarding the best model design for their purposes. For instance, an

April 2018 3



How-to: Think About Model Design for Your Region

agency focused primarily on highway forecasting with significant responsibility for assessing
impact fees for new developments may understandably prefer a simpler, more traditional model
design, while an agency more concerned with travel demand management strategies, peak
spreading, and equity analysis might understandably prefer a more advanced design.

1.2 Practical Issues

In general, for many applications, practical considerations favor trip-based or hybrid models over
activity-based models, but the reverse may be true in some circumstances or for some
applications. So, again, it is important for agencies to consider the following factors in light of their
particular analysis needs and resources in terms of data, staff skills, computing hardware, time,
and budget.

There have been no before and after analyses comparing the predictive validity or forecast
accuracy of traditional and more advanced model designs. Some point to sensitivity analyses
and one study of the forecast validity of destination choice models as evidence that advanced
models may produce more accurate forecasts, while others point to the fact that the only study to
compare traditional and activity-based model’s forecast validity found no significant difference.

Activity-based models that use microzones (which most, but not all such models do) require large
amounts of detailed spatial socioeconomic data for both base and future year scenarios that
can require significant time and effort to prepare. The number and pricing of parking spaces
at the microzone level can also be difficult data to obtain, maintain, and forecast.

In some cases, if an agency determines they need a custom model specification, activity-based
models can also require large household surveys for the data required to estimate model
parameters as part of model development. However, in many cases, parameters can be
transferred or borrowed from another area and calibrated to more modest local survey data.

New sources of passively collected “big data” such as OD flows are an important new category
of available data on travel patterns that stand to potentially revolutionize the way forecasting
models work. The integration of big data in activity-based models requires more effort than in
hybrid or traditional trip-based models.

The calibration of more complex models is more challenging. The larger the number of
parameters that may need to be checked or adjusted the greater the effort. The longer the model’s
runtime, the greater the time required or fewer tests/checks that can be performed, and the greater
the integration of the model components the more adjustments to one component require
additional adjustments to another component.

Although many factors drive the cost of developing and maintaining a model, more complex
models do still tend to cost more than simpler traditional models; however, the cost of activity-
based models has been decreasing as more are developed due to economies of scale so the
cost differential between model designs is not as great as it was some years ago.

Staff skills and training are another important consideration for advanced model designs. One
of the most important staff requirements of activity-based models is that they generally require
skill with two (or more) different programming languages (i.e., typically one for the ABM itself and
another for the network modeling software).

The runtime of a model is another important practical consideration, and while model runtimes
tend to be more impacted by the assignment than the demand model design, more complex model
designs do contribute to generally longer runtimes.

The use of random draws in activity-based models causes simulation variation. While it has
now been demonstrated that simulation variation in activity-based models is small enough that it
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does not pose a problem for many common types of analysis, there are still some types of
analysis, particularly involving small phenomenon or changes, such as intersection turning
volumes or benefit-cost analysis, etc., that can require either multiple model runs with and/or
oversampling in an activity-based model to ensure a representative result.

One advantage of hybrid models over activity-based models is that staging can be used to
convert a traditional trip-based model into a hybrid model through a series of incremental
improvements; whereas, agencies must develop a new activity-based model in addition to or in
place of their existing model.

More people or a larger the user community working with a particular model design can both
ensure a model is well tested and provide a larger pool for hiring staff or consultants.

Dynamic traffic assignment (DTA) is being increasingly used for project and subarea studies due
and is important for the study of time varying tolls on express lanes and other policies and projects;
however, DTA still remains computationally challenging for large regional networks at this time.
DTA can be used with any travel demand model, but more advanced models can achieve much
deeper integration with DTA than traditional models, but only with the investment of significant
effort.

More advanced models generally come with some costs whether in terms of data, investments in
staff time, computing hardware, and/or development time and cost. For some agencies, these
costs may be well justified by the ability of advanced models to support analyses which traditional
models cannot; while for other agencies, practical considerations of these costs may outweigh
the benefits of a more advanced model.

1.3 Theoretical Issues

In general, theoretical considerations favor activity-based models, followed by hybrids, over
traditional trip-based models.

Aggregation bias can cause errors of various sorts in traditional trip-based travel models,
especially for small scale phenomenon such as pedestrian and bicycle trips.

Lack of consistency within individual trips in trip-based models can result in various problems,
such as predicting transit trips in locations or at times of day when there is no transit service.

The lack of spatial consistency of trips within tours in traditional trip-based models ultimately
means that these models can predict travel patterns that are physically impossible or imply that
travelers appear and disappear at some locations.

The lack of modal consistency of trips within tours in traditional trip-based models means that
these models can imply highly improbable scenarios such as a traveler who left their car at home
in the morning and took the train to work, drives their car home at the end of the day after work.

The lack of temporal consistency of trips within the day in traditional trip-based models means
that these models can imply impossible sequences or timing of trips such as a traveler leaving
from the coffee shop to go to work before they arrive at the coffee shop from home.

Keeping in mind the famous quote cited earlier that, “all models are wrong... but some models
are useful,” the question for an agency may be whether the theoretical problems with simpler
models impact their usefulness for a particular agency’s analysis needs. In some cases, the
theoretical problems in simpler models, while real, may not be important in practice for some
applications; however, in at least some cases these problems can be significant and render a
model useless for a particular application. Thus, again, it is important for each agency to carefully
consider the import of these factors for the types of applications they are most concerned with.
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1.4 Process

A robust process for selecting a model design for a region’s new travel model should involve all
the relevant stakeholders including the planners and decision-makers who will use the new
model’s results as well as the modelers who will be responsible for using and maintaining the
model. Typically, some amount of education is required to familiarize these stakeholders with the
various issues and considerations discussed in this guide. Ultimately, stakeholders should
consider the relative importance of these various theoretical and practical issues and the
particular applications their model will be used to evaluate together with their available resources
including time, budget, staff, and data in order to make an informed and thoughtful decision. The
final section of this guide illustrates a good example of how the cities of Bellevue, Kirkland, and
Redmond, WA, engaged in such a process.

1.5 Overview

Following this introduction and summary section, this guide expands on the key issues identified
here. Section 1 includes an overview of the spectrum of travel model architectures and Section 2
presents how data-driven methods can be combined with different model architectures. The
following sections review important issues for consideration in three broad categories: model
applications or use cases in terms of projects and policy issues (Section 3), practical issues
(Section 4), and theoretical issues (Section 5), discussing at a high level the advantages and
disadvantages of each design relative to each issue. The final section (Section 6) of the guide
discusses the process of selecting and developing a model design and presents a case study of
the process as it was undertaken by the cities of Bellevue, Kirkland, and Redmond, WA, in
anticipation of their new travel model.
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2.0 Overview of the Spectrum of Travel Model Designs

While the discussion of travel model design sometimes is reduced to a choice between “four-step”
and “activity-based” models, in reality there is a spectrum of model designs of varying complexity.
Moreover, some people sometimes mean slightly different things by terms like “activity-based” or
“four-step” models. For purposes of clarity in this guide the spectrum of model design will
presented primarily in terms of three families or ranges of model design including “Traditional”,
“Hybrid”, and “Activity-based”. However, each of these should be understood to represent not a
single model design, but a group of related and generally similar model designs. Moreover, each
of these types of model designs can have purely synthetic as well as data-driven versions. This
dimension of model design is discussed separately in the following section since the two
dimensions of model design can be largely separated. Figure 2 presents the spectrum of
passenger travel model designs currently in use together with examples of where each design is
used and how designs have been grouped into families within this guide.

Source: Bernardin, V., One Size Doesn’t Fit All, Activity-Based vs Trip-Based Models and Everything In Between, presented to the
Tennessee Travel Model Users Group, December 1, 2015.

Figure 2. The spectrum of model designs with examples.

Figure 2 is meant to be illustrative of the spectrum of model designs rather than definitive or
completely exhaustive. While all models known to the author could at least arguably be grouped
into one of the model designs above, these groupings could be debated in some cases and
certainly could be further sub-divided to acknowledge, for instance, the wide variety of complexity
in the details of four-step model designs in terms of trip purposes, modes, feedback, and treatment
of time-of-day. For instance, some might alternatively label the activity-based family as
“Disaggregate” models and group all other designs as “Aggregate”. However, this would group
together models with very different characteristics. Others might argue that disaggregate tour-
based models should be grouped with the hybrids or that advanced trip-based models should be
grouped with traditional three- and four-step models. While no grouping is necessarily definitive
or perfect in all regards, the families of models used in this guide were delineated to support the
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discussion of the general pros and cons of different approaches and the authors believed that the
similarities within these families were much greater than between them.

2.1 Traditional Trip-Based Models

Trip-based models were the first travel demand models developed. The first models were
developed for large cities such as Chicago and Detroit in the 1950’s and early 1960’s to support
the development of long range transportation plans. These models leveraged the most advanced
technology and research of the time, making use of the newly invented computer and methods
from the emerging science of operations research which developed substantially in support of
military operations in World War Il and the early Cold War era. The use of these travel demand
models grew and spread in response to the federal mandate for formal transportation planning
processes for the allocation of federal highway funds in the 1962 Federal-Aid Highway Act and in
support of the design and development of the Interstate highway system throughout the country.
In the early 1960’s, San Francisco was the first area to add a mode choice component to their
model to support transit planning and since that time both three-step models focused fairly
exclusively on personal automobile travel and four-step models incorporating transit (but generally
still focused on motorized or vehicular travel) have been in use throughout the country. In the
1970’s, the federal government’s development of the Urban Transportation Planning Package
largely standardized the design of three- and four-step trip-based models and reduced their cost,
further facilitating their proliferation.

As the federal government left the development of model software to the private sector with the
advent of the personal computer in the 1980s, some minor variations began to develop in trip-
based models especially as growing computing power and worsening congestion facilitated and
motivated the development of time-of-day components in some areas. The addition of time-of-
day components and feedback loops connecting trip assignment to trip distribution were further
promoted and in some cases required under the Clean Air Act Amendments of 1990 and the
contemporaneous federal transportation re-authorization, ISTEA. These model enhancements
were directed at providing better estimates of congested speeds to support vehicle emissions
modeling and analysis mandated for non-attainment areas under the Clean Air Act. Travel models
were also increasingly required in practice for alternatives analyses under the National
Environmental Policy Act (NEPA).

Over time in various areas of the country trip-based models also took on important functions in
assessing traffic impact fees for new development. As the Federal Transit Administration’s New
Starts program for major capital investments in fixed-guideway projects evolved, it also required
some standardization of four-step modeling methods and placed a major emphasis on the testing
of models to support applications for federal transit grants. During the same timeframe and even
more recently, trip-based models have been adapted to support bicycle and pedestrian planning,
although these enhancements and applications are still emerging rather than established practice.

The foregoing history of traditional trip-based models is presented because it is helpful in
understanding certain key aspects of traditional model design. (For a good detailed history, see
Boyce and Williams, 2015.) In particular, traditional travel models evolved over time as practical
planning tools to address a variety of needs including long range planning, highway design, rail
transit planning, air quality analysis, impact fee assessment, and even bicycle and pedestrian
planning in some cases. In this context, it is easy to understand why traditional models on the one
hand tend to be practical, and on the other hand, are not necessarily well-grounded in theory.
They were designed as practical tools, not on the basis of theory, per se.

Traditional models use trips (defined as just the segment of travel between one origin and the
subsequent destination) as the basic unit of analysis. The original and fundamental components
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of these models attempt to estimate how many trips there will be (trip generation), where they will
go (trip distribution), how many will be of each mode (mode choice), and how they will route over
the network (assignment). These component models are typically fairly simple statistical models
(regression, cross-classification, gravity/entropy) with very few explanatory variables. In many
cases, only population, employment, travel times, and costs are considered. These variables are
relatively dominant in many travel choices, and sufficient to understand many travel patterns, but
the full richness of travel behavior and patterns are impacted by many other factors and in some
cases dominated by them.

One of the key features of traditional model design that gives rise to both many of these models’
practical benefits and theoretical shortcomings is that they treat all trips as independent and each
dimension of an individual trip (its probability or frequency, the connection between its origin and
destination, its mode, and its route) as largely independent. These simplifying assumptions make
these models much easier to solve, but also result in certain limitations on their accuracy and
sensitivity as subsequent sections will explain.

Another distinguishing feature of traditional models is that they represent trips in matrices, often
called trip-tables. This data structure is necessary given the analytic method in which traditional
models implement statistical models to produce repeatable average or expected results. Software
packages to support traditional travel models have highly optimized routines for handling large
matrices, but the size of matrix files (which are determined as the square of the number of zones
in the model) remains a key limitation on their speed and ability to provide high resolution results
whether in terms of geographic resolution or traveler characteristics.

Source: FHWA
Figure 3. TMIP survey of transportation agencies, 2013.
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Traditional three- and four-step trip-based travel demand models remain the most prevalent form
of travel models. A survey by TMIP of over 200 transportation agencies across the country in late
2013 showed that at that time 90% of agencies still maintained a traditional trip-based model
although 25% of agencies had or were in the process of developing an advanced model and an
additional 13% were planning on developing an advanced model. Given its prevalence, there is
a wide range of consultants and public agency staff with familiarity and varying levels of expertise
with traditional models.

Traditional trip-based models have long supported a variety of transportation analyses, continue
to do so, and will continue to do so for some considerable time into the future. For some agencies
and purposes, traditional models may remain a reasonable solution for their analysis needs.
However, there are significant theoretical and practical planning issues that are motivating many
agencies to consider alternative, more advanced designs.

2.2 Activity-Based Models

Almost as soon as they were established, traditional models began to be critiqued by academics
studying travel behavior. Over time, academics put forth proposals for alternative model
formulations to address various shortcomings of traditional models. Contributions were made by
many researchers culminating in the work by Ben-Akiva and Bowman (1998) on day pattern
choice and Shiftan and collaborators (Shiftan, 1998) on intermediate stop location choice which
together provided a practical framework for what became known as activity-based models.
Although anticipated by a small number of tour-based models which saw limited application, the
first implementation of what is generally recognized as the activity-based model was for Portland,
Oregon, in 1998, followed by the model for San Francisco in 2001, which is still in use by the San
Francisco County Transportation Authority.

Following San Francisco, a number of agencies began developing activity-based models in hopes
grounded in academic research and theory that they would prove better tools for emerging
planning issues that traditional models struggled with including urban form effects, walk/bike
planning, time sensitive pricing/policies, and equity analyses. Over 20 agencies across the
country have now developed activity-based models including:

e Portland (1998, 2016)

e San Francisco SFCTA (2001)
e Atlanta (2001)

e Columbus (2002)

e Sacramento (2005, 2009)
o Denver (2006, 2015)

e Bay Area MTC (2007)

e Seattle (2008, 2010)

e San Diego (2010, 2014)

e Burlington (2010)

e Jacksonville (2010)

e San Joaquin Valley (2011)
e Baltimore (2011)
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e Tampa (2011)

e Reno (2012)

¢ Philadelphia (2012)

e Houston (2012)

e Minneapolis (2012)

o Phoenix (2012)

e Chicago (2013, 2015)
e Nashville (2015)

¢ Chattanooga (2016)

However, some of these agencies are not using their activity-based model for routine planning
and also maintain a more traditional model that they use for much of their planning and analysis.

Rather than using trips as the basic unit of analysis, activity-based models focus on individual
people or travelers and their choices. Activity-based models therefore always require a population
synthesizer as their first component which enumerates a list of ‘synthetic’ people and households
with the same aggregate characteristics as the actual or forecast population. These synthetic
travelers’ choices are modeled using discrete choice models, generally of the logit form, which
take into account many more variables than traditional models. Some of the most important
additional variables include various measures of accessibility or how many destinations (of a
particular type) can be reached within an acceptable travel time (by a certain mode, at a certain
time of day) from a particular location. Activity-based models also generally incorporate more
variables designed to measure walkability and related aspects of urban form.
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Source: Bradley, M., J. Bowman, B. Griesenbeck. SACSIM: An Applied Activity-based Model System with Fine-Level Spatial and
Temporal Resolution. Journal of Choice Modelling, Vol. 3, No. 1, 2010, pp. 5-31.

Figure 4. Example of a standard activity-based model design.

One of the key design features of activity-based models is that they use Monte Carlo simulation
which uses a random number generator to help determine individual travelers’ choices within a
framework that ensures the distribution of choices takes a certain form. This use of randomness
is necessary to solve the complex network of travel choices that are represented in an activity-
based model. The results of activity-based models therefore include simulation variation, like the
results of other simulations such as traffic microsimulations.

Activity-based models use relational databases as their primary data structure. This allows
querying of the results with standard database software and the ability to “drill down” to identify
impacts on custom, on-the-fly defined market segments (e.g., low income single parent
households). All activity-based models currently in use still use matrices to represent travel times,
and almost all summarize trips into matrix trip tables for static assignment. However, some models
now under development designed for deep DTA integration do eliminate matrices entirely, which
may ultimately offer advantages for file sizes.
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2.2.1 Types of Activity-based Models

Although activity-based model is often used as though there were a single model design
corresponding to this term, in reality there are a spectrum of model designs that are generally
labeled in this group. There are a large number of activity-based models that might be considered
“standard” in that there are multiple cities sharing the same model design with little or no
customization. Examples include Sacramento, Tampa, Nashville, Lake Tahoe, etc. These models
typically use person level day pattern planning to generate travel. The cost of such standard
activity-based models has decreased in recent years due to economies of scale, and they have
the advantage of having a growing professional community of users which makes hiring staff or
consultants with relevant experience easier.

There are also some simpler models in the activity-based family that might generally be described
as disaggregate tour-based models. These models share many characteristics with standard
activity-based models. They use Monte Carlo simulation to apply choice models in a relational
database framework. However, they offer some simplifications compared to standard activity-
based models. They may use households rather than individuals as the agents or choice-makers.
Typically, rather than deal with entire day patterns, they deal with travel at the level of tours, and
because of this they also typically have a more simplistic treatment of time. Due to these
simplifications, they may run faster than standard activity-based models. However, they lack the
standard software and user community of standard models. In most other regards, they are
generally similar to standard activity-based models.

There is also a spectrum of more advanced activity-based models. At the simpler end of this
spectrum are models which are almost and may have begun as standard activity-based models
but have one or more enhanced modules such as bicycle/pedestrian route choice, station level
transit amenities, and/or complex road pricing modules. However, these models still are generally
still based on the same framework as standard activity-based models.

As of the writing of this guide, there were a number of advanced activity-based models under
development but nearing deployment that belong to a somewhat different category and represent
a new generation of activity-based models. Some have termed these agent-based models in
reference to greater incorporation of bounded rationality and limited information in these models,
but the term agent-based is still somewhat controversial and may not be applicable to all ‘next
generation’ activity-based models. In addition to aspects of bounded rationality and limited
information, next generation models generally attempt to deal with dynamic within-day re-
scheduling of activities and are designed to operate with DTA rather than static assignment
models.

2.3 Hybrid Models

Hybrid travel models are the most recent family of model designs to evolve and generally
developed as an attempt to compromise between practical and theoretical concerns or trip-based
and activity-based designs. More recently, some hybrid models have also been developed as an
incremental step on the way to the development of an activity-based model. (Vyas, 2017) The
hybrid designation is a somewhat loose one in that it describes a wide range of model designs
that offer some blend of trip-based and activity-based features. They can be distinguished from
activity-based models in that they have at least some aggregate components and often (but not
always) do not employ Monte Carlo simulation. They can be distinguished from trip-based models
in that they make some connections between trips, offer improved consistency with tours, and
generally have at least some disaggregate components.
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Source: Michiana Area Council of Governments. MACOG Travel Model Development and Validation Report, 2014.

Figure 5. Example of a hybrid model design.

Most but not all hybrid models have at least some disaggregate component models at the front
end of the model stream which use individual travelers or more commonly households as agents
in choice models in a database or table-based framework similar to activity-based models. These
component models may in some cases be mathematically identical to corresponding component
models in activity-based models. In many, but not all, hybrid models, they are implemented
differently, however, and applied to estimate expected values rather than realizations of
probabilities using Monte Carlo simulation. However, this approach cannot be extended beyond
the spatial or destination choices because the size of the data would explode due to the need to
keep track of the probabilities for every candidate destination (and mode, etc.). Therefore, all
hybrid models ultimately use aggregate trip matrices like traditional trip-based models at the end
of their model stream.

Although all hybrid models improve consistency with tours over traditional trip-based models and
make some connections between trips, different types of hybrid models do this in different ways.
Aggregate tour-based models actually model entire tours explicitly, sometimes with some
simplifications like limitations on the number of stops. Hybrid trip-/tour-based models generate
and in some cases do mode choice for tours on the front end, but ultimately assign locations and
sequence to the stops on those tours to create trip tables such that the information about individual
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tours is lost mid-way through the model, although the resulting trips were produced from and are
guaranteed to be consistent with tours. Some advanced trip-based models can also be
considered to belong to the hybrid family if their non-home-based trips are linked together with
their home-based trips in terms of location and mode choices.

In terms of implementation, because they retain matrix data structures for at least a significant
portion of their components and are more similar to traditional trip-based models in this way,
hybrid models tend to be implemented entirely in standard travel modeling software packages
using their scripting languages, similar to trip-based models and unlike activity-based models
which require custom software in addition to standard travel modeling software which is still used
for skimming and assignment. However, some more recent hybrid models have instead been
implemented primarily using activity-based model software libraries.

Although it is not in any way an essential aspect of hybrid model design, many hybrid models
buck the general trend in the U.S. and model destination choice after and conditional on mode
choice rather than the other way around. There are multiple reasons for this, including research
(Abrahamsson and Lundqvist, 1999; Debrezion et al., 2009; Newman and Bernardin, 2010) which
indicates that this hierarchy is more appropriate for most travel market segments. The traditional
hierarchy with mode choice dependent or conditional on destination choice implies that travelers
are more likely to change modes than destinations. While this is true for small but important choice
rider markets in large, transit-rich metropolitan areas, it is likely not true for the population in
general even in most large U.S. metro areas. Rather, for most travelers in most situations in the
U.S., mode is a foregone conclusion either because the traveler has a car and does not even
consider another mode or because they do not have access to a car and rely on transit, choosing
their destinations, possibly even workplace, based on where transit can get them. It is possible
that the assertion of this hierarchy is one cause of the well-documented optimism bias in transit
forecasts (see, for example, Flyvberg et al., 2005). In any event, the reverse hierarchy is even
more attractive in hybrid frameworks because it has the added benefit of allowing the mode choice
model to reduce aggregation bias and take advantage of disaggregate demographic data prior to
aggregation in destination choice.

Although it can be hard to generalize about hybrid models to some extent due to their diversity,
they all, to varying degrees do offer some compromise between traditional trip-based and full
activity-based models. All offer some improved consistency with tours and consistency between
travelers’ choices and most offer at least some reduced aggregation bias, but none as much as
fully disaggregate models. Because, like activity-based models more of their components tent to
be discrete choice (logit) models, most offer at least some improved sensitivity to additional
factors such as urban form, walkability, etc., and some hybrid models may be just as sensitive as
activity-based models to these factors